Spondylolisthesis describes the forward displacement of a vertebral body, and is commonly seen at the lumbosacral joint. True spondylolisthesis occurs in approximately 6 % of the population,1 and in the vast majority of cases the displacement is slight. There is, however, a distinct group, usually seen in adolescents, where gross displacement occurs with the body of L5 coming to lie almost in front of the first sacral body.'
Traumatic injuries of the lumbar spine frequently result in tears of the annulus fibrosus which can be detected by discography.2 Such tears commonly occur at the lumbosacral joint, are located posteriorly, and are clearly visible during subsequent surgery for disc removal by the anterior approach. These groups of patients, both those with spondylolisthesis, either mild or severe, and those with tears in the posterior annulus represent clinical conditions in which the intervertebral discs have been subjected to abnormal stress or trauma. There is evidence from x-rays and discograms for disc degeneration in all these patients, but no biochemical or morphological studies have been done on either group.
The aim of this study has been to investigate biochemical changes in sections of anterior annulus fibrosus and nucleus from the appropriate intervertebral discs removed at surgery. Collagen, Accepted for publication 19 January 1981. Correspondence to Dr S. Roberts. proteoglycan, and water profiles were obtained, together with qualitative distribution patterns of collagen types I, II, and III and compared with age-matched post-mortem controls.
Materials and methods

COLLECTION OF MATERIAL
Specimens of intervertebral disc were taken from patients undergoing anterior disc excision and spinal fusion. Diagnosis was made on clinical and radiological evidence. Three patients underwent fusion for mild spondylolisthesis, while 6 severe cases had both reduction and fusion.3 Ten patients had tears of the posterior annulus fibrosus.2 One patient case (4) had tears in 2 discs, another (case 9) had a posterior tear in one disc and a mild degree of spondylolisthesis in another. The age range for spondylolisthesis patients was 9 to 39 years, the 6 severe cases being under 21. All affected discs were lumbosacral. Patients with tears of the posterior annulus ranged in age from 24 to 40 years; 8 were lumbosacral and 3 were lumbar 4-5 in position.
At surgery the sagittal anterior section of disc was removed. It The preparation and characterisation of antibodies to collagen types I and II and proteoglycan has been described previously.9 Antisera to collagen types I and II were specific for native collagen molecules. Antisera to proteoglycan showed greatest reaction with the hyaluronate binding region of cartilage and disc proteoglycan, together with weak reaction to the keratan sulphate and chondroitin sulphate richregions. Type III collagen was prepared from human placenta and used to raise antisera as described previously.10
Nine discs from patients with annular tears and 6 with severe spondylolisthesis were investigated by immunofluorescence and compared with 6 The collagen content for all groups was found to decline from outer to inner annulus, and again this is consistent with previous work.14 The annular tear patients gave values for percentage collagen/wet weight closely resembling those obtained for the control group (Fig. 2a) . Spondylolisthesis patients were also similar to their controls, with the exception of section A, which had significantly less collagen than the controls (Fig. 2b ). The proteoglycan content increased from outer to inner annulus. Again there was no significant difference between corresponding sections from discs with annular tear and controls, though there was an apparent lowering of percentage proteoglycan/wet weight in patient material in the nucleus and therefore towards the region of the tear (Fig. 3a) . The spondylolisthesis group, however, gave significantly lower values in all sections analysed (Fig. 3b) . The percentage loss compared with that in controls is shown in Table 1 . In one patient (Case 9), who had one disc with an annular tear and another with spondylolisthesis, the percentage of loss of proteoglycan was calculated for each ( weight were compared with their respective agematched controls (Figs. 4a, 4b) . These results suggested that in one patient (Case 1) there may have been changes, notably loss of collagen and increase of proteoglycan and water, which occurred around the tear and were not apparent in the remainder of the disc. The other patient resembled the controls. There was some difficulty in matching the positions of patient and control exactly, because the complete disc was removed in the case of the post-mortem material while in the patient it was obviously limited by the danger of damage to the dura. The tear region was estimated to correspond with section I of the controls (Fig. 4) .
IMMUNOCHEMICAL LOCALISATION OF COLLAGEN TYPES AND PROTEOGLYCANS
The staining patterns in all the control material showed a distribution pattern comparable to that in pig and normal human intervertebral discs.10 The results are summarised in patients, Cases 1 and 4 (L5-S1), which showed relatively weak and infrequent pericellular staining with antisera to type III.
In the group of spondylolisthesis patients there appeared to be a greater difference from the control material. Some discs showed weaker staining to anti-type I collagen, while most showed fewer cells and weaker staining with anti-type III. One patient (Case 17) showed particularly weak staining with antisera to all 3 types. When the method was repeated for this patient after pretreating the frozen sections with chondroitinase ABC (Miles Biochemicals; 5 units ml-1) for 30 min at 370C, there was markedly enhanced staining for all 3 types. This did not occur with post-mortem disc material and suggests that proteoglycan may have masked the collagen fibres in this specimen. 
Discussion
The annular tear patients gave no significant changes from normal in the biochemical studies, but since only the anterior annulus and sometimes the nucleus were sampled in all but 2 cases this was not surprising, for the pathology appears to be in the posterior part of the disc. The finding that the anterior regions of the disc were biochemically unchanged fits with clinical evidence and observations at surgery. There was a significant loss of proteoglycan in the group of spondylolisthesis patients, whether mild or severe and in all sections sampled. These changes were similar to those found in osteoarthritic articular cartilage, which had lower proteoglycan,'9 accompanied by increased water20 21 and an increase in collagen synthesis and chondrocyte activity.22 In this situation it appeared that the chondrocytes themselves were affected and either had a decreased ability to synthesise proteoglycan'9 or synthesised proteoglycans which were more readily extracted,23 possibly owing to shorter chondroitin sulphate chains.23 25 The mechanical stress experienced in the disc in spondylolisthesis and in articular cartilage in osteoarthritis may be similar in inducing biochemical changes in the proteoglycans in these tissues.
Collagen levels in degenerative joint disease showed less dramatic changes; indeed in many studies they appeared not to be altered at all. In the majority of patients studied here the initiation of symptoms can be explained by previous trauma or a defect in the pars interarticularis, though it is possible that the annular tear patients have been predisposed owing to an inherent defect in the biochemical structure of the disc. It is clear from this study that the affected disc in spondylolisthesis showed a loss in proteoglycan, with the possibility of an accompanying change in collagen types indicated by immunofluorescence. In the annular tear group the intervertebral disc was largely unchanged biochemically, though extended study of 2 patients suggested that localised changes may occur in the region of the posterior fissure.
The mechanisms underlying these secondary biochemical changes remain obscure. There is considerable evidence that chondrocytes can respond to stress and can make some attempt at repair in damaged articular cartilage in rabbits.31 35 
